Methyl methacrylate -butyl acrylate -methacrylic acid copolymer and butyl methacrylate -methacrylic acid amide copolymer of a different segmental structure were stabilised with non-ionic and anionic surfactants. Gel chromatography, viscosimetry, tensiometry, conductometry and sedimentation methods were applied to define the properties of the synthesized copolymers, surfactants in water solutions and water dispersions. The types and the properties of the phases being in a state of sedimentation balance were also determined. The obtained experimental data were interpreted and justified by using the copolymer and surfactants properties. The existing correlations were pointed out. The obtained results show that the stability of a disperse system considerably depends on the structure of the copolymer. The MMA/BA/MAA copolymer has monomeric units of elastic butyl acrylate. Segments containing these monomeric units adsorb surfactants much better and form more stable water disperse systems. However, the MBA/AMAA copolymer with the polarity of amide group of methacrylamide makes disperse systems less stable.
INTRODUCTION
Water-soluble paints are a modern type of painting materials. They are stable dispersions of polymers in aqueous environment. Surfactants, high-molecular compounds and protective colloids are used to obtain their stabilisation. The surfactants are adsorbed on the surfaces of polymer particles up to the moment of reaching a balance. The stability of any disperse system consists in unchanged properties in its whole volume range in a long period of time 1 -5 . Disperse systems are characterised by a strong development of phase boundary of polymer particles and their dispersing environment. This phenomenon is connected with the existence of a considerable Gibbs free energy, the reduction of which results in spontaneous coalescence and coagulation of particles. It means that disperse systems are basically thermodynamically unbalanced, where aggregation of the dispersed phase particles takes place and their further sedimentation results in forming a sediment or foam 6 -11 . The process of dispersing is connected with an increase of Gibbs free energy and runs easier with lower surface tension. The introduced surfactants make adsorptive layers which protect particles against coalescence. The general stabilizing capacity of the surfactants depends on the particle geometry and size, the thickness of the adsorptive layer, the concentration of the surfactant on the surface of a particle. The coalescence of the dispersed particles is generally a result of the desorption of the surfactant. The stabilizing activity of the surfactant consists not only in a decrease in surface tension on the interface but also in the formation of a structuralmechanical barrier providing the stability for the dispersed particles. The particles settle under the effect of gravity force. On the other hand, Brownian movement occurs to distribute the particles evenly in their total volume. Finally, after an infinitely long time, all the dispersed particles cannot settle totally. Some degree of sediment equilibrium is reached. It consists in establishing different numbers of particles in each horizontal layer of the system from the top to the bottom of the vessel in which the dispersion takes place. In macroscopic systems in which sedimentation of large particles prevails with an interaction between these particles (the network bound is created by using ticsotropic additions) the phenomenon of diffusion is observed in a limited range. On this type of the dispersed systems, the settlement of sediment balance is most possible after a relatively long time 12 -15 . The diversity of the phenomena observable during the process of destabilising the disperse systems is difficult to describe by using one universal theory. The sedimentation observations and the studies are one of the methods of an experimental description of the phenomena carried out in disperse systems 16 -20 . The aim of this study was to determine the factors having an effect on the sedimentation stability of water-based dispersions of copolymers in xylene solution: methyl methacrylate -butyl acrylate -methacrylic acid (MMA/BA/MAA) and butyl methacrylate -methacrylic acid amide (MBA/ AMAA) of a different segmental structure, i.e. of different molar fractions of monomers in the copolymer. Basing on the experimental data, the relations between the quantities describing sedimentation were formulated and their theoretical interpretation was given. The tested copolymers were used to obtain protective films of the best physico -chemical properties.
EXPERIMENTAL

Materials
The following monomers were applied: butyl acrylate (BA), methyl methacrylate (MMA), methacrylic acid (MAA), n-butyl methacrylate (MBA), methacrylic acid amide (AMAA) (all the materials were produced by Sigma Chemical Co., USA), xylene (analytically pure) produced by POCh Gliwice. 
Preparation of copolymers
A synthesis of the copolymer used for further studies was carried out by copolymerization or polymerization in xylene. There were obtained: copolymer methyl methacrylate -butyl acrylate -methacrylic acid (MMA/BA/ MAA), copolymer n-butyl methacrylate -methacrylamide (MBA/AMAA), and also polymer MBA of molar composition given in Table 1 . Tret-butyl perbenzoate (Interox TBPB) in the amount of 1,2% w/w with respect to the total monomer weight was applied as an initiator of copolymerization. The reaction was conducted at the temperature of 130 -135 o C for 12 hours. After finishing the reaction, the remaining, not reacted monomers with app. 200 cm 3 of xylene were distilled off
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. The properties of the obtained copolymers and the polymer were determined by gel chromatography and are presented in Table 2 .
Preparation of water dispersions of copolymer solutions in xylene 100 cm 3 of aqueous dispersions of copolymer solutions in xylene contained 20 cm 3 of xylene solution of copolymer or polymer and app. 0.5 to 6.0% w/w of the surfactant with respect to the amount of polymer or copolymer. The surfactants were used as aqueous solutions of the concentration of app. 0,2% w/w.
A suitable amount of xylene solution of copolymer or polymer and aqueous solution of the surfactant was introduced into a vessel of homogenizer and distilled water was added to obtain 100 cm 3 . Dispergation was carried out for 20 minutes, using a laboratory homogenizer of the IKA-ULTRA-TURRAX T-25 type equipped with the IKA-S25N-18G stirrer. The obtained dispersions were poured into the sedimentation cylinders and left for 7 days.
Experimental methods
The research on the properties of the water dispersions of xylene solutions of acrylic polymer and polymers were made by using the sedimentation methods. The miscibility coefficient (β) of the components of the disperse system was calculated basing on the values of Hildebrand's solubility parameters for the individual compounds [δ 1 and δ 2 in (J/m
], according to the following equation 18 -21 :
(
The quantitative and qualitative composition of the tested solutions of polymers was determined by gel chromatography. The tests were made by using the HPLC chromatograph (MERC-HITACHI) equipped with the D-2520 GPC integrator.
RESULTS AND DISCUSSION
Dispergation of the xylene solution of acrylic copolymer in water in the presence of surfactants results in the formation of a disperse system containing particles with their copolymer nuclei. The structure of the surface active film, particularly the presence of copolymer functional groups, determines the basic properties of the tested disperse system, such as long-lasting aggregation and sedimentation stability. The structure is mainly affected by the flocculation and coalescence of micelle particles, occurring inside the volume of the disperse system. It is related to a strongly disintegrated phase of the copolymer solution in water environment that tends to decrease its specific surface. It is achieved by joining the particles into Table 2 . The properties of the obtained copolymers and the polymer Table 1 . The compositions of the copolymer synthesized with xylene associates producing a homogenous layer of xylene solution of the polymer or copolymer. After a sufficiently long time, sedimentation equilibrium is settled down in the system, which consists in the fact that volumes and compositions of the formed phases practically do not change. Figure 1 presents sedimentation studies carried out in the cylinders.
Similar dependences to that shown in Fig. 3 were obtained for all the water-based dispersions of xylene solutions of the tested copolymers and polymer: MMA/BA/ MAA, MBA/AMAA and MBA stabilized with applied surfactants. This enabled us to determine a max. value of the dispergation efficiency and, corresponding with it, the optimum concentration of the used surfactant. The study was based on ten trials testing different concentrations of the applied surfactant. Table 3 presents the results of the studies.
The data presented in Table 3 should be considered separately for each type of the copolymer. For the MMA/ BA/MAA copolymer one can note that the optimum values of the maximum dispergation efficiency increase with the increase in fraction of butyl acrylate (BA) in the tested copolymer, whereas the optimum values of the surfactant concentrations decrease slightly. It can be observed that the surfactants with a lower value of cmc correspond to the highest value of max. dispergation efficiency. Considering the water-based dispersions of the MBA/AMAA copolymer, a structure of the copolymer affects slightly both the optimum value of maximum dispergation effi- Figure 1 presents water-based disperse in sedimentation cylinders immediately after preparation and after seven days of sedimentation. The possible behaviour of the disperse systems after reaching the sedimentation equilibrium is shown. The appearance of the phase separation with the formation of a layer of the xylene solution of polymer or copolymer, a stable dispersion layer and a water layer were observed. Figure 2 presents a change in the efficiency of dispergation, i.e. a practical change of the copolymer amount in the disperse phase in relation to the exposure time for a few selected concentrations of the surface-active agent.
Basing on the data presented in Fig. 2 , one can state that during the seven days of sedimentation the sedimentation equilibrium is actually produced. The sedimentation tests were made for all the disperse systems, the results of which were used to determine the maximum value of the dispergation efficiencies relating to the amount and the type of the used surfactant. Figure 3 presents the values of dispergation efficiency as a function of the amount of a surfactant in the aqueous dispersion of xylene solution after the seven-day sedimentation exposure. ciency and, corresponding to them, the amount of the surfactant. Also, a higher value of max. dispergation efficiency corresponds with the lower value of cmc of the surfactant. An interesting cognitional issue is to find a relation between the optimum value of the max. dispergation efficiency and the optimum amount of the the surfactant used for the copolymer of a definite segmental structure. For this purpose, the results of the tests are presented in a double logarithm system as the relation lgW d =f[lg(c spc /c pol )]. Figure 4 presents an exemplary curve for the water-based dispersions of xylene solutions of the MBA/AMAA copolymer (4) . The data presented in Table 3 form a straight line which can be described by the following equation:
(2) where: a is the tangent of the straight line slope, constant b=lgW do when (c spc /c pol ) = 0. It can be supposed that constant b corresponds to max. value of dispergation when there are no more surfactant in the water-based dispersion and the stability of the disperse system is provided by the adsorption on the surface of the polymer particle of the oriented dipoles of the water environment. Table 4 presents the values of the obtained constants for the water-based disperse systems for both copolymers, taking into consideration their segmental structure. Table 4 . The values of the constants of equation 2 for the tested water-based disperse systems of xylene solutions of polymer and copolymers
Basing on the data in Table 4 , it follows that the effect of the copolymer structure on the max. values of dispergation efficiency is clear and obvious. For the MMA/ BA/MAA copolymer, the max. value of the dispergation efficiency increases along with the increase in butyl acrylate fraction in the copolymer structure. However, in the case of the MBA/AMAA copolymer, we can observe at first a slight increase in the max. value of dispergation efficiency and then its decrease when methacrylamide fraction in the copolymer increases. The explanation of the reasons why the sedimentation occurs in this way is worth noticing. It is most probably associated with the segmental structure of the copolymer, which in the case of the MMA/BA/MAA copolymer consists of a constant amount of methacrylic acid, a decreasing fraction of methyl methacrylate and an increasing fraction of butyl acrylate, as shown in Table 1 . In the copolymer macroparticle chain, butyl acrylate forms elastic segments that easily undergo xylene solvation and are more favourable for larger adsorption of the surface-active agent. In turn, the MBA/AMAA copolymer is composed of two monomers, which, as separate substances, form hard and glassy polymers. The obtained copolymer is also hard and, in this case, one should take into consideration only the behaviour of the amide group. The maximum value of dispergation efficiency at first increases with the methacrylamide amount up to max. value of 0,1 mole in the copolymer and then decreases. It is undoubtedly caused by the interaction of a nitrogen atom in the amide group with the groups of the used surfactant, generally with an oxyethylated one. The increase in the concentration of methacrylic acid more than 0,1 mole of AMAA in the copolymer precludes the formation of stable water-based disperse system. In this case, the polymer settles in a form of the fine granular deposit. In turn, constant a describes the way in which the max. value of dispergation efficiency changes. If we consider the water-based disperse systems of the MMA/BA/MAA copolymer, we find that it follows in the same way. However, the behaviour of the MBA/ AMAA copolymer is different. The a value increases considerably, which indicates an essential effect on the interaction between the surface of the dispersed phase particles and the particles of the surfactant and the environment. It also indicates that above some limit it is practically impossible to achieve a stable dispersion.
An interesting research issue is to find theoretic justification for the above-described experimental correlations. For this purpose we decided to use the idea of dipole moment and Hildebrand's parameter, especially a miscibility coefficient between the components of the disperse system. Table 5 presents the values of the miscibility coefficients for individual components of the water-based systems, calculated from the Hildebrand's parameter. A dipole moment of the polymer or copolymer was calculated as an additive quantity, basing on molar fractions of the copolymer components. The miscibility coefficient is defined as a square root of the difference between squared Hildebrand's solubility parameters of two components interacting with another one in the disperse system. The miscibility coefficient was calculated using the formula (1) and the data given in monograph 22 . The data presented in Table 5 show that the calculated value of dipole moment is practically constant and the value of miscibility coefficient decreases with the increase in butyl acrylate fraction in the MMA/BA/MAA copolymer. It means that the copolymer containing a higher fraction of n-butyl acrylate will be better soluble in xylene. This conclusion was confirmed experimentally: the water-based disperse systems containing copolymers with higher amounts of n-butyl acrylate are more stable. Analysing the values of the dipole moments for MBA polymer and the MBA/AMAA copolymer one can notice that these values increase with the increase in the methacrylamide fraction in the copolymer. It means that such a polymer will be more polar and less soluble in xylene. The above observation is confirmed by the calculated values of the miscibility coefficient. It is experimentally proven that water dispersions of highest stability are obtained from MBA/AMAA copolymer (2). However, it is not possible to obtain stable water dispersion from the xylene solution of the MBA/AMAA copolymer containing more than 0.1 mole of AMAA.
CONCLUSION
Stable disperse systems are produced when dispergation surfactants are adsorbed on particle surfaces of the dispersed phase. Water-based disperse systems of xylene solutions of MMA/BA/MAA and MBA/AMAA copolymers cannot exist individually in the absence of surfactants.
The molecules that are adsorbed on the surfaces of the dispersed phase form protecting layers/coatings. These layers prevent their aggregation and coagulation.
The obtained results show that the stability of a disperse system considerably depends on the structure of the copolymer, which forms the micella kernel of a disperse particle. The MMA/BA/MAA copolymer has monomeric units of butyl acrylate, which makes the copolymer elastic. Segments containing these monomeric units adsorb surfactants much better and form more stable water disperse systems. However, for copolymer MBA/AMAA, the polarity of amide group of methacrylamide limiting the adsorption of surfactants is of significant importance. In this case the stability of disperse systems is lower.
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